The structure of ichthyofauna is determined by several factors involving environmental characteristics that modify along the gradient river dam. The aim of this study was to compare the ichthyofauna distribution of a subtropical dam tributary in four distinct stretches along the river/dam gradient. The samples were carried out quarterly during a year using gill nets, trawling, and sieves with a standardized capture effort to capture fish. The ichthyofauna of the tributary presented 41 species with 4,598 individuals. Three non-native species were recorded. The richness of species did not show significant difference among the stretches, although Shannon-Wiener diversity and evenness showed significant variations among the stretches. The distribution ordination (partial CCA) showed greater correlation between fish assemblage and impacted composition of surroundings. This study approaches the existence of an environmental gradient within the river mouth, influenced by a reservoir and the variations of the fish assemblage.
Introduction
The spatial distribution of fish assemblages on a river/dam gradient is influenced by the heterogeneity of environmental physiography, the behavioral characteristics of the intra and inter-specific interactions, and environmental 2 Material and methods
Study area
The Taquari River is one of the main tributaries of Jurumirim dam [15] , in the left bank of the Upper Paranapanema River, located in the Southwest of São Paulo State, Brazil. Hydroelectric power plant operational system of Jurumirim dam affects the water level [16] . The surrounding landscape presents high tech agriculture with large areas of beans, corn and sugarcane fields, and also livestock activities [17] .
In this study, the fish samplings were carried out in four stretches representing the distinct compartments of the river/dam gradient: Lotic/Upper (23°40′2.90′′S; 49°7′56.85′′W); Lotic/Lower (23°32′45.49′′S; 49°8′41.24′′W); Lentic/Upper (23°29′21.95′′S; 49°12′6.90′′W); Lentic/Lower (23°17′2.80′′S; 49°12′6.90′′W) ( Fig. 1 ). 
Sampling procedure
The samplings were carried out every three months from April 2011 to January 2012, using sieves (1.5  1 m -6 times), trawl nets (10  2 m with meshes of 5 mm -6 times), and gillnets (3 to 14 cm mesh between opposite knots, exposed for 18 hours, checked once a day). Every fishing gear was used with standardized effort for each sampling stretch. Considering the sampling selectivity, the analyses of abundance and ecological attributes were applied only for individuals from gillnets. However, the characterization of composition was complemented with the data from other fishing gear.
Laboratory procedure
The fish samples were identified and measured: 1) Standard length in centimeters (Ls); and 2) total weight in grams (W t ). Voucher specimens were deposited in the "Coleção do Laboratório de Biologia e Genética de Peixes, Departamento de Morfologia, Instituto de Biociências da UNESP, campus de Botucatu, Brazil", a fish collection.
Environmental variables sampling
The following abiotic variables were measured in order to demonstrate possible variations among the stretches studied: a) water temperature, pH, electrical conductivity, and dissolved oxygen, using the Multiparametric probe HORIBA U-50 in each stretch with maximum depth of 1 meter; b) water transparency using the Secchi disk; c) chlorophyll-a by water filtration, using glass fiber filters Millipore AP40 for extraction of pigment in 90% acetone, d) sediment collected with a Van Veen grab with a sample of the material immediately frozen for subsequent analysis of total nitrogen and phosphorous; e) remaining sediment used for granulometry and determination of organic matter (weight loss by ignition); f) percentage of riparian forest, abandoned, agricultural and pasture areas to demonstrate the composition of the surroundings.
Statistical analyses
For the analysis of ichthyofaunistic data, the species richness using number of species; number of individuals; Shannon-Wiener diversity index: (H´ = -∑(pi.In pi)), in which H´ = species diversity, pi = proportion of species i in the community, in which pi = (ni/N); ni = number of individuals of species i, N = total number of individuals [18] ; and Pielou evenness according to the formula: (J' = H'/Log2S), in which J' = evenness (varying from 0 to 1) [18] were calculated. Relations between environmental variables and community species composition were explored using method of Partial Canonical Correspondence Analysis (pCCA). The analyses were carried out with the CCA function of the "vegan" package [19] . Rare species generate a great number of null values impairing the establishment of biological associations. Thus, these species were eliminated in the ordination [20] . The species matrix was composited by 19 species in 11 samplings, the environmental matrix was composited by nine numeric variables (abiotic factors) and one categorical variable (month) in 11 samplings. Categorical variable was used as terms that are partialled out from the analysis before constraints. All numeric variables were transformed to log (x+2). The "vif.cca" function in R program was used to detect collinearity between environmental variables. Values over 10 indicate redundant constraints and thus were removed. Significance of pCCA was assessed by ANOVA as a permutation test.
To quantify the variation of the response data explained by a subset of explanatory variables when controlling for other subsets of explanatory variables, we used RDA as proposed by Borcard et al. [21] as a procedure of variation partitioning. The analyses were conducted with the function varpart in the "vegan" package [19] . This method recommends use of a model in which fish species were dependent data and other arguments give the sources of variation (environmental). Three subsets of environmental variables were created: (A) Water abiotic factors (B) Sediment and (C) Surroundings. Each subsets corresponded one-sided model formula: (A) = Wt + pH + EC + Chla, (B) = CS + OM, (C) = Forest + Agric. The data set with normal distribution we applied parametric tests (Anova). Every data was analyzed at the significance level (p = 0.05).
Results

Ichthyofauna
A total of 4,598 fish individuals were collected, belonging to five orders, 16 families, 31 genus, and 41 species, considering the samplings from the three fishing gear (gillnets, trawl nets, and sieve) during the study period. From gillnets, 30 fish species were recorded. The non-native species Cichla kelberi, Oreochromis niloticus and Tilapia rendalli were recorded in the stretches Lotic/Lower, Lentic/Upper and Lentic/Lower.
Spatial distribution and ecological indexes
Cyphocharax modestus in the stretches Lotic/Upper and Lentic/Upper (Table 1) affected the pattern of richness and evenness ( Table 2) . Without the first dominant species, the pattern of the relative abundance for lentic/upper and lotic/lower were very similar.
The richness of species did not show significant difference among the stretches (ANOVA one way: p = 0.88), but Shannon-Wiener diversity and evenness did (ANOVA one way: p = 0.045 and ANOVA one way: p = 0.0047, respectively). The greatest value of Shannon-Wiener diversity was observed for the Lotic/Lower stretch (2.67) and the smallest value for the Lentic/Upper (1.57). Regarding the evenness (E), Lotic/Lower showed the greatest value, followed by Lotic/Upper, and the smallest value was for Lentic/Upper (Table 2 ). Snas
The first two axes of the ordination explained 55.6% of the variation in the fish assemblage (CCA 1 = 31.0% and CCA 2 = 24.6%). To CCA 1, higher percentages of forest in surroundings, Wt, EC and Chla were negatively correlated with fish composition of B2, D1, D2, D4. To CCA 2, higher percentages of OM and CS negatively and positively respectively correlated with fish composition of C1, C2, C4, D1, D2 and D4 (lentic stretches) ( Figure 2 ). Permute test showed significance (p-value = 0.003). The ordination among the (Fig. 3) . The shared variance between the surroundings and sediment was 4%. 
Discussion
Our results indicate differences in the structure of the fish assemblages along the river/dam gradient. The distribution pattern studied did not follow River Continuum Concept, since the number of species and abundance decreased along the river/dam gradient of the river. The greatest values were recorded in the Lotic/Upper and Lotic/Lower stretches. Rivers have remaining species that do not inhabit reservoirs [22] . The greatest abundance and biomass of non-native fishes occurred in the stretch Lentic/Lower, represented by C. kelberi that was the only non-native species caught in gillnets. The dispersion source of non-native species occurs by accidental escape of farmed species from cage fish farms, by restocking programs, or even by species introduction [23] restricted to dammed sites.
Three long distance migratory species were recorded: Leporinus, P. lineatus and Salminus hilarii. They possibly used the Taquari River for reproduction and spawning, making it an important ecosystem for the conservation of remaining migratory species. Migratory species of large rivers generally show their stocks reduced or do not survive in dammed sites, since they need long distances to complete their reproductive cycle.
The occurrence of 12 short distance migratory species is observed and included Astyanax altiparanae, Astyanax fasciatus, Galeocharax knerii, Hypostomus reganii, Iheringichthys labrosus, L. friderici, Leporinus octofasciatus, Leporinus striatus, Metynnis maculatus, R. quellen, Rhinodoras dorbignyi and S. nasutus. These species show greater abundance in distinct types of environments, in which the reproduction and feeding are more adjusted to rivers and small tributaries [24] .
The diversity is higher on preserved sites with original fluvial characteristics, in which habitat heterogeneity and lotic stretches are found [25] . The indexes tend to decrease with the interference of damming activities [26] . Evenness promoted differences on the structure of fish assemblage. High values of diversity index are characteristics of transition areas (ecotone) between river and dam [24] . In this study, similar conditions in the stretches Lotic/Lower and Lentic/Upper of the Taquari River were found, indicating a transition area.
This fish diversity are related to differences on the physical and chemical characteristics between lotic and lentic sites that characterize the river/dam gradient. In the study was included the composition of surrounding, as variation of forest, agriculture, pastures and abandoned areas percentage influencing the composition of fish species.
On the lentic stretches the water is stable, with more deposition and accumulation of bottom sediment, prevailing silt and clay organic detritus in comparison with the lotic stretches. Additionally, the light penetration in water is higher than in lotic stretches and there is a greater concentration of chlorophylla, due to the increase of phytoplankton. The electrical conductivity in dam is lower than in tributary (Taquari River) due to the decrease of ions concentration in the water by dilution.
Sites under strong anthropic influence provides greater fish assemblages homogenization and result in low diversity and high abundance of few species [27] . Activities such as agriculture, livestock and urbanization close to the riverbanks reduce the riparian vegetation, increase temperature, incidence of solar light, erosion [10] , predators, organic allochthonous materials besides excluding reproduction sites and some food resources [28] .
Allochthonous materials might be accumulated in manancials and stationed waters, where will suffer a long process of decomposition and be responsible for the increased rates of organic matter. There was dominance of C. modestus in these locals. This small sized opportunistic species feeds detritus and it occupies locals with deceleration of the water and thus high organic matter. It is the cascade effect reported for Agostinho et al. [29] , which hinders the success of rheophilic species in downstream areas, reducing the species richness, the number of predators and the medium size of the species [29] . This suggests that C. modestus uses these environments to refuge and it has an important role in cycling of nutrients.
Piscivorous fishes or opportunistic tending to be piscivorous, like Hoplias malabaricus, Oligosarcus paranensis, P. maculatus, and R. quelen, are found in greater abundance in the river stretches (Lotic/Upper, Lotic/Lower and Lentic/Upper) while the preys A. altiparanae and A. fasciatus are found in the stretch Lentic/Lower. The importance of the different environments analyzed must be considered, since these may be used by several species in order to complete their life cycle [30] . Areas with varied habitat conditions receive more input, increasing the food resources available [31] .
Therefore, this study demonstrated that upper stretches of this tributary (lotic) harbor the remaining fish fauna that is less susceptible to the consequences of damming. The presence of riparian forest and the conservation of tributaries considerably contribute to impacted fish diversity by dam. Information on this perspective makes the Taquari River a model to better understand the ecological dynamics and environmental management, considering that reservoirs have dozens of tributaries that may be exhibiting the same effect.
